
REDUCING PRESSURE DROP BUILDUP IN 1310-0I1. ItYDROPROCESSING REACTORS FIELD
10(11)1 IIhis 'ccally to the field of renewable fuels and chemicals More particular! y, the technology
relates to hydroprocessing of bio-oils and mitigating pressure drop buildup in bio-oil hydroprocessing
reactors. BA(KGR() Jj \) [0002.]Fixed bed reactors are -r( in ly used in the re.fining and c industries for
chemical conversion operations. Theseccs packed therein. The feed typically flows down through he
reactor ws into contact with the catalyst and undergoes the desired conversion reactions. When these
n with hydrogen MD, the term hydroprocessing or hydmconversi used. I0003 jHydroproecssing
reactions include addition of hydrogena feed molecule to achieve reduction chemd can also involve
cleavage the molecule ( destructise hydrogen ti [gei cis)  Hydrogenation reactions include saturation of
carbon-carbon double bonds e.g. conversion of olefins to paraffins; benzene rings to cyclohextude
rings) and functional group transformations (e.g. conversion of aldehydes to alcohols; nitro compounds
to amines). [0004]Examples of hvdrogenolysis reactions include conversi compounds such as
mercaptans to paraffins and hydrogen sulfide iswed off the feed molecules. Other examples include
conversiongen 



compounds and organo-oxygen compounds (also referred to as oxyget carbons. wherein theand
oxygen atoms itved as ammonia and water/carbon oxides, respectively. In the refining industry, this
class of hydroprocessing reactions is, referred to as hydrotreatllydrotreating reactions t  referred to as
hydrodesulfurizationhyn i(H DC)), or hydrodenti rogeflation (11DN). Other hydroprocessing rea.etions
incl.uc ioiee.uie breaks into smaller molecules,hydroisom.erization, wherein a straight- ehmolecule  is
converted to a branched molecule of substantially the same average molecular weight and a similar
boiling point range. More than one hydroprocessing reaction may Ike place at the same time in the
presence of a single catalyst. When the al is improving the quality of a fuel stock (e.g. improvement of
emission characteristics         erature flow properties, or therrno-ox idative stability), hydroprocessing
operations are also referred to as "upgrading. [0006]Although most hydroprocessing deals with
upgrading of petroleum fractions, its use in Nan& production processes has attracted much interest
over the past several years. 100071During hydroprocessing of both petroleum fractions and bio-ods
the pressure drop across the fixed bed reactor risestimeWithout being hound by theory, this is believed
to be due to depositionsoli( p)(I as well as the deposition of solids formed during thermal and/or
chemical conversion of the liquid feed. Examples of the former include suspended solids  that were not
filtered upstream of the reactor or solids that drop out of solution, while the latter includes coke and 



polymerization products. In either case, as solids fill the reactor void (fouling thec or, hence the term
"(oulant") the pressure drop rises. The foulant produced by petroleum hydroprocessing cannot be
removed through use of an organic solvent or other dispersing agent. Once the maximum safe
operating pressure drop is reached, the reactor needs to he shut down and the deposits skimmed
(physically removed from the reactor when accumulating at the top) or the catalyst replaced (even if
the catalyst is still active). [0008]There are various options for mitigating fouling -drop in fixed bed
hydroprocessing reactors. One such option includes grading the bed with several _0 layers  of
catalyst/inert media, withargest on top and smallest in the bottom, Instead  i00091Another optiosing a
fixed bed reactor media in the form of wagon wheels, Raschig rings, and other shapes having high
void fractions ("high void" means typically 50% or higher void traction). Reactors containing top layers
of these     a can hold more solids before reaching the pressure drop limit. "These high void media,
includmg high void /low activity catalysts (e.g. "actix c rtns"), may be graded to provide systems
achieving significantly longer pressure drop limited run lengths. "Low activity catalysts" are those
catalysts with less than 5 wt% of the active catalytic metal. Some A/ the top bed grading media
contains internal macro-porosity capable of capturing very fine particulates that can nonetheless
agglomerate within the fixed bed reactor void space and cause pressure drop issues.  [00101 bypass
can include pipes the reactor so that nothin         ire disks that burs operating limit, thus exten Although
th rc id deposits  ss apparatus for fixed bedreactors is another option. The hydrotreater feed to bypass
the fouled section of e fouled section. The pipes can be equipped e pressure drop reaches a value just
below the 



drop niitigatio beds comprising c of bio-oils are desirahl  St 1 Ni NiARV across a hydroproces product,
where the react step of reducing the pressure drop inciude. feed supplied to the hydroprocessing
prising reducing a pressure drop nd producing a hydroprocessing arbon diluent; and the oppmg or
substantially reducing the bio-oil d supplying the hydrocarbon diluent to the  reactor to generate a
mass flux of at least about 1,000 lb/hr/ft In some embodiments,. the mass flux is from about I,0( 0
lb/hr.to about 10,000 lb/hr/fr. In some embodiments, the mass flux is at least about 2.000 ) lb/hrift-. in
some embodiments, the hydrocarbon 



diluent comprises the hydroprocessing product f the hydroprocessing reactor. In some embodiments.
the bin-oil feed supplied to the reL etor is substantially reduced.  100131;In some embodiments, the
reduction of the pressure drop is pe I 00 to I 0,000 reactor volumes of bio-oil have been processed. In
some embodiments, the reduction of the pressure drop is performed after the rate of AP increase is
about 0 psi/hr. In someents, the method is perthrmed periodically. in some embodiments, periodic
reduction of the pressure drop is performed after about 2 days to about: 12 months since
eithermrocessing or the last reduction of pressure drop. 100141In some embodiments, substantially
reducing the bio-oil feed includes supplying the hydrocarbon diluent to the hydroprocessing reactor at
a volumetric ratio of at least 10:1 of hydrocarbon diluent to bio-oil. In some embodiments, substantially
reducing the bio-oil feed includes supplying the hydrocarbon diluent to the hydroprocessing reactor at
a volumetric ratio of at least 15:1 hydrocarbon diluent to biooil. In some embodiments, the hydrocarbon
diluent is supplied at a temperature of about 400 `1, to about 800 'T. In some embodiments, the
hydrocarbon diluent: has a boiling point range of about 300 I' to about 800In some embodiments, the
step ofpressure drop does not i ntcrrtipt production of the hydroprocessing product. 100 I 51In some
embodiments, the hiooil includes a lipid, a carboxylic acid, a plant oil, animal lad algal oil, a distillate
from the fermentation of sugars. a liquid fraction derived from the fast pyrolysis of biomass, OF a
mixture of any two or more thereof In some embodiments, the Plantnimal fat contains nitrogen. sulfim
or phosphorus from about 0.1 wppm to about 30.000 wppm In some embodiments, the bio-oil
comprises a liquid fraction from the fast pyrolysis of biomass. In sonic embodiments, the liquid fraction
is derived from ground wood, ground switch grass, or combinations iht,icot  sonic Mb nenu cuts, the
reinc he hydroproce  



ydroproccssing reactor comprises a graded bed. prises high void and high macro-porosity d comprises
a catalyst that includes Co, Mo, mbinations of any two or more thereof In cr includes hydrogen gas. In
some ctor performs at least some hydrodeoxygenation.  ou I 71M an aspect, a method is providstep
pro ]eactor produces a hydroprocessingproduct: the reactor feed is at a temperature from about 550
01: to about 750 "If and is produced by at least combining a bio-oil feed at a temperature of
aboutabout 350F and a recycled hydroprocessing product of the hydro ctor at a temperature of about
550 'F to about 800 017; the tep of reducing the pressure drop includes substantially reducing the
bio-oil feed supplied to the reactor and supplying the recycled hydroprocessing product to the reactor
to generate a mass flux of at least about 2,000 lbdinftt and where the step of reducing the pressure
drop is perfbrmed after the theoretical void fraction drops below 26 0/ [00]8]Utilizing the present
technology, it has surprisingly been observed that the reactor pressure drop is reduced by up to about
80%. The methods of the present technology may be repeated several times during the reactor run,
significantly extending the run length. BRIEF DESCRIPTION OF TElE I)RAWIINCS [1019]I-IC. I
depicts an exemplary process schematic of a bio-oil hydroprocessing reactor syst-cm pressure drop
buildup therein is lowered, according to an embodimenthe technoloay. 00. 01FIG. 2 is a graph
showingdnI function 



according the Examples. DETAIL-q) DESCRIPTION [00211Various embodiments are described
hereinafter. It should be noted that the specific embodiments are not intended as an exhaustive
description or as a limitation to the broader aspects discussed herein. One aspect described in conjun
particular embodiment is not necesscan be practiced wi di any other e o  term. nd. similarreferent
context of describing the elementin the context of the la;in be construed to cover both the singular and
the pin nil,ss otherwise indicated herein or clearly contradicted by context. Recitation of ranges of
values herein are merely intended to serve as a shorthand method of referring individually to each
separate value falling within the range, unless otherwise indicated herein, and each separate value is
al into the specification as if it were individually recited herein. All method descrihed herein can be
performed in any suitable order unless otherwise indicated herein or otherwise clearly contradicted by
context. The use of any and all examples, or exemplary language (e.g., "such as") provided herein, is
intended merely to better illuminate the embodiments and does not pose a limitation on the scope of
the claims unless otherwise stated. No language in the specification should be construed as
indicatingnon-claimed element as essential. 00241erm "mass flux" will be understood lean the total
mass flow rate of liquid through a reactor divided by the cross sectional area of the reactor and will be
described herein in units of Ibihr 10025The presenthtin( methods for reducing pressure drop buildup in
a hi:-oil hydroprocessing reactor as a drop. In the upgrading of petroleum products, pressure drop built
taming pressure ised by foulants 



filling the reactor void. In petroleum products, the bed must either be bypassed or the reactor shut
down and the ibulants physically removed from the reactor; the foulants cannot be removed through
use of a diluent or other dispersing agent run through the reactor. In contrast to petroleum
hvdroprocessing, the current technology employs a hydrocarbon diluent to remove or redisperse the
foulant from an operational reactor. Utilizing the present technology, it ha.s been observed that the
reactor pressure drop is reduced by up to about 80%. The. methods of the present technologyhe
repeated several times during the reactor run, significantly extending the run length. Moreover the
present technology allows for hydroprocessing to continue while pressure drop is reduced  in the
reactor, an option not available for pressure drop buildup in petroleum hydroprocessing. (Kr261 bed
from where a feed f.rst flakes contact to where the unreactedix its the reactor bed. Pressure drop
buildup thus refers to the increase in the pressure drop over time across a reactor bed, i.e. an increase
in the difference in pressure from where a feed first makes contact to where the unreacted feed and/or
product exits the reactor bed. As used herein, the term "reduction of pressure drop" or "pressure drop
recovery" refers to the lessening of the difference in pressure across a reactor bed. Reduction of
pressure drop buildup thus refers to lessening a difference in pressure that has increased from the
reactor start of run (SOR) condition. 1001171The relationship between pressure dropbed reaetcr's
lacking properties and flow conditions is given by correlations such as the Ergun eqw described in
many Chemical Engineering Unit Operations text books (e.g. Octave Levenspiel,7e 7g How and Heal
Evchange, Plenum Press: New York, 1986; Chapter of Variables such s void fraction 8, flow rate, fluid
density/viscosity, and particle size, all affect pressm (AP). Pressure drop (AP) is particularly sensitive
to is proportionpie, as a fixed bed reactor        rig a typical three-lobe hydroprocessing catalyst
becomes fbuled with solid depostts. the theoretical void fraction decreases from 42% (clean) to smaller
void fraetion causingincrease in AP. It should be understood that an essentially                   P can be
approximated by the formula Y mX b. where Y AP, X time. m  iite of change which is a real number
and hi is the value tbr Y when X 0 and a squared correlation coefficient of > 0.8. Once the theoretical
void fraction drops below about 22%. AP starts to rise exponentially, assuming no change in feed
composition and reactor inlet conditions. The void fraction left in a reactor can be determined by
evaluating the rate of change of AP over time: when the AP trend is no longer essentially linear, then
the theoretical void fraction has dropped to at least about 22%. Thus, such an indicator can be used to
determine when implernentation of the present methods are most applicable, desirable, or needed.
100281In one aspect, a method is provided comprising reduca pressure drop 



across a vdroprocessing reactor having a reactor feed and producing a hydroprocessing product,,
where the reactor feed includes a bio-oiI feed and a hydrocarbon diluent; and the step of reducing the
pressure drop includes stopping or substantially reducing the bio-oil feed supplied to the
hydroprocessing reactor and supplying the hydrocarbon diluent to the reactor to generate a mass flux
of at least about 1,000 lb/hr/t12 through the hydroprocessing reactor. Such a method is herein termed
"hydrothermal treating." In some embodiments, the reactor feed is at a temperature from about 400 "F
to about 800 ' reactor feed may be at a temperature of about 450 "117, about 500 "F, about 550 "F,
about 600"1:, about 650 "F, about 700 0F, about 750 '1.11, and ranges between any two of these
values or above any one of these values In some embodiments, the hio-oi I is at a temperature from
about 100 "F to about 350 'F. The hiooi 1 may be at a temperature of about 12011F, about 14(, about
160 "I= about 180 "116 about 200 I', about 220 'IF, about 240 'IF, about 26()11:, about 280 "F, about
300 F, about 320 "I', about 340 817, and ranges between any two of these values or above any one of
these values. In some embodiments, the bio-oil feed supplied to the reactor is substantially reduced. In
some embodiments, the reactor feed further includes hydrogen gas. In some embodiments where the
reactor feed include hydrogen gas, the hydrogen gas may he dissolved in at least the hydrocarbon
diluent, at least the bio oil, or both. [00291TheUl is used to refer to any biomass or hiomass derivative
that is in liquid form when introduced to the fixed bed reactor. Bio-4:'hus include lipids, carboxylic
acids, plant oils, animal fats algal oils, distillates from fer entation of sugars, and liquid fractions
derived from pyrolysis woody biomass. As such, depending upon the source, bio-oils include
bio-derived hydrocarbon fractions, fatty acids (e.g. oleic acid, palmetic acid), fatty acid esters (e.g.
alkyl esters or Edycerides of the fatty acids), shorter carboxylic acids (e.g. acetic acid and formic acid),
and other oxygenates such as hydroxyacetaldehyde, acetic acid, acctol, and phenolics. Rio-oils are
often characterized by their oxygen content: whereas conventional petrochemical feedstock such as
crude oil, coal, and natural gas are hydrocarbons with typically less than 2 wttotal heteroatoms, bio-oils
may contain between about 10 wt 116 and about 40 wt '16 oxygen. Since oxygenated compounds
have lower heating values than hydrocarbons, a primary objective of bio-oil hydroprocessing for
mimulheture of I uc I products is (1'  bio-oils may also have less than 2 wt% total heteroatoms,
depending on the sources of bio-oil. Additionally, bio-oils typically cannot meet many fuel
specifications such as oxidative stability, water and sediment, copper strip corrosion, ash, and cloud
point, unless hydroprocessed. Similarly, io-oils derived by fast pyrolysis of wood chips or switch grass
do not meet motor fuel specifications unless hydroprocessed. In fact, without hydroprocessing, these
bio-oils have poor stability (e.g. they become more viscous with time) which limits transportation and
storage options. 100301The bio-oil may be a thttycontaining composition from a feedstock such as
tallow, lard, poultry fat/oil, used cooking oil, yellow: grease, algae oils, camelina oil, canola oil, castor
oil, cofibc oil. corn oil, fish oil, hemp oil. Jatropha  palm oil, soybean oil, tall oil, tall oil fatty ac like
seaweed), or a combination of any two or   Is from halophiles (i.e. salt water plants ore the of The
bio-oil may comprise a  composition rich in oxygenated organic compounds derived from fast pyrolysis
(including hydro-pyrolysis) of biomass. The source of the pyrolysis-derived bio-oil may be straw,
bagasse, nut shells, switch grass, barks of spruce, birch, poplar and other trees or a combination of
any two or more thereof. Pyrolysis of woody biomas:Jes processes 



such as fast pyrolysis of grofluidized bed reactor s comprising circulating sandcatalyst. In such reactor
systems, the circulating solids the heat for the endothermic pyrolysis reactions. These biomass
"cracking" reactions typically occur at temperatures above 800 I' under an'me atmosphere, thus
converting lignoeellulose into various hydrocarbons and oxygenates. In some embodiments, the hio-oil
comprises a liquid fraction from the fast pyrolysis of biomass.           nbodiments" the liquid fraction is
derived from ground wood, ground switch grass, or combinations thereof. [003 IiThe. bio-oil cancontain
from.about 0.1 wppm to about 3 wt nitrogen. s phosphorus: from about 0 ?ppm to about I wt A.: metals
(such as iron and those from Groups I and II of the periodic table); and from about a 0.01 wt 270
percent to about sedime contaisulfur, or p sonic embodiments, the plant imbodiments the plant oil or at
wppm to about 30.000 wppm. in nal fat containsogetr, or phosphorus  on the source of the biomil. the
solids present therein include lignin, feather and plastic (e.g. shredded polyethylene packaging). It
should be noted that a some of these solids may be dissolved and/or solubilized (e.g. as colloids) in
the bio-oil, and thus be difficult to remove or reclisperse by conventional filtration methods and
apparatus. 100321The present technology utilizes a hydrocarbon diluent to generate a mass flux of at
least about I ,000 lb/hrift2 in order to convert, anchor remove, and/or redispersc the foulant. Thus the
present technology avoids shutting down the reactor, or using rupturing disks to bypass a fouled
section. Instead, the present technology operates under similar conditions to the hydroprocessing in
order to reduce the pressure drop buildup. In fact, the present technology allows for, but does not
require, hydroprocessing to continue in a reactor while pressure drop is reduced in the same reactor.
In some embodiments, the mass flux is from about 1,000 lbdirlit2 to about 10,000 lb/hr/ft2. In some
embodiments, the mass flux is from about 1,000 lb/hr/) about 9,000 lb/hi/ ti2, about 1,000 lb/h1/11.2 to 



about 8,000 lb/hOff2, about1,000bout 7,000 IblIng112. about 1,000 lb/11012 to about 6,000 lb / hr/fl1.
or abotit 1.000 lb/hr/about 5,000 Ibilhnlit2. In some embodiments, the mass flux is at least about 2,000
lb/hr/ft". In some embodiments, the mass flux is from about 2,000 Ilighr/11.2 to about 10,000 lb/hr/fl2.
In some embodiments, the mass flux is from about 2,000 lb/hr/ft2 to about 2,000 lb/habout 2,000
lb/hr/ft2 to about 8,000 Ibilligt12, about 2.000 Iblhr/ft2 to about 7,000 Itighrlft about 2.000 lb/hrlft2 to
about 6,000 lb/hrift2. or about 2.000 lb/WIC to about 5.000 Ihighfill embodiments, the mass flux is at
least about 2,500 lb/hr/112. 100.In some embodiments, the hydrocarbm-nprises a recycled product of
e hydroprocessing reactor. In sonic embodiments, the hydrocarbon diluent is supplied at a
temperature of about 400 I' to about 800 'F. The hydrocarbon diluent may be supplied at a temperature
ofabout 45 about 500 "F. about 550 "F. about 600 about 650 'F. about 700 '750between any two of
these values or above any one of these values. in some embod mts the hydrocarbon diluent has a
boiling point range of about 300 (11: to about 800 'F. The boiling pointhe hydrocarbon diluent may he
ah  about 400about 450about 500about 550 "F, about 600 17, about 650 Ill, about 700 'F, about 750 F,
and ranges between any of these values or above any one of these values. In some embodiments, the
hydrocarbon diluent comprises paraffins in the C11 to CiviiIn SOITIC embodiments, the hydrocarbon
diluent comprises n-para to C24 ranee. [00341In some embodiments, the rcduction of pressure drop is
performed after about I 00 to about 10,000 reactor volumes ofhave been processed. In some
embodiments, the reduction of pressure drop is performed after about 200 to about 9,0 about 200 to
about s.uoO, about 200 to about: 7,000, about 200 to about 6,000, about 200 to about 5,000, or about
200 to about 4,000 reactor volumes of bio-oil have been processed. In some embodiments, the
reduction of the pressure drop is performed after about 300 to about 3,000 reactor volumes of bio-oil
have been processed. In some embodiments, the reduction of the pressure drop is performed after the
theoretical void fraction drops below about 30 "4. In some embodiments, reduction of the pressure
drop is performed after the theoretical void fraction drops below 



26 "4). In some embodiments, the reductionpressure drop is pc.rlbrmcd after the theoretical void
fraction drops below about 22In some embodiments. reduction of the pressure drop is performed after
the theoreticald fraction drops below embodiments, the reduction of the pressure drop is performed
after the rate of AP increase is about 0. I psiihr. In some embodiments, the reduction of the pressure
drop is performed               ofAP increase is about 0.25 psi/hr. In some embodiments, the reduction of
the pressure drop isP increase is about 0.5 psi/hr. In some embodiments, the reduction of the pressure
drop is pert-brined after the rate of Al' increase is about 0.75 psi/hr. In some embodiments, the
reduction of the pressure drop is performed after the rate of AP increase is about 1 psi/11F. 0035]In
some embodiments, the method produces an overall AP decrease from about 10% to about 99%. In
some embodiments, the method produces an overall AP decrease from about 25% to about 99%, from
about 30% to about 99%, from about 35 % to about 99%, from about 40% to about 99%, from about
45% to about 99%, or from about 50% to about 99%. In some decrease from about 20% to about 95%.
20% to aboutor from about 20% to ems. the method produces an overall AP shout 90%, or from about
c embodiments, the method  produces an overall AP decrease from aboutto about 80%, from about
30% to about 80%, from about 35 (Vo to about 80%, from about 40% to about 80%. from about 45% to
about 80%. or from about 50% to about 80% The overall AP decrease may be greater any one of
these recited values for the overall A/' decrease. 100361In some embodiments, the reduction of the
pressure drop is performed periodically. In some embodiments, the periodic reduction of the pressure
drop is performed after about 2 days to about 2 weeks since either the start of hydroprocessing or the
last reduction of pressure drop. In sonic embodiments, the periodic reduction of the pressure drop is
performed after about 2 weeks to about 4 months since either the start of       rocessmg or the last
reduction of pressure drop. In some embodiments, the periodic eduction of the pressure drop is
performed after about 4 months since either the start of hydroprocessmg or the last reduction of
pressure drop. The periodic reduction of pressure drop may occur at 2 months, at 4 months. at 6
months, a.t 8 months, at 1( months, at I 2 months, or any range between any two of these values or
greater than any one ofthese values. 



10037.]In some embodiments, substantially reducing theI feed inc supplying the hydrocarbon diluent to
the reactor at a volumetric ratio .)I of hydrocarbon diluent to bio-oil. In sonic embodiments,
substantially reducing the feed includes supplying the hydrocarbon diluent to the reactor at a
volutnetric rat least 15:1 hydrocarbon diluent to bio-oil. In some embodiments, the step of reducing
pressure drop does not interrupt production of the hydroprocessing product. 100381In
somebodiments, the hydroprocessing reactor comprises a graded bed. In some embodiments he
graded bed comprises high void and high macro-porosity media. High void means at least about 50%
or higher void fraction; the term "high macro porosity' means the media includes pore diameters
greater than 100 urn. In some embodiments, the graded bed comprises a catalyst that includes Co,
Mo, Ni, Pt. Pd, R W. NiMo, NiW, CoMo, or combinations of any two or more thereof In some
embodimeibed comprises a catalyst selected from the group consisting iMo. CoMo, muir combinations
thereof. 100391In an aspect, a method is provided that includes the step of reduc pressure drop
across a hydroprocessing reactor having reactor feed, where the  hydroprocessing reactor produces a
hydroprocessing product; the reactor feed is at a temperatureabout 55017 to about 750 "F and is
produced by at least combining bio-oil feed at a temperature of about 100 "t17 to about 350 "F and a
recycled hydroprocessing product of the hydroproccssing reactor at a temperature of about 550 "17 to
about 800 "Ft the step of reducing the pressure drop includes substantially reducing the bio-oil feed
supplied to the reactor and supplying the recycled hydroprocessing product to the reactor to generate
a mass flux of at least about 2,000 lbdulft2; and where the step of reducing the pressure drop is
performed after the theoretical void fraction drops below 26 The reactor feed may be at a temperature
from about 4501', about 500about 550 1', about 600 "I', about 650and ranges between any two of
these values or above any one of these values. The bio-oil feed may be at a temperature of about 120
"F, about 140 13, about 160 13, about 180"F about 200 "T, about 220 'Ft, about 24017, about 260 "17,
about 28017, about 30017, about 320 F. about 340 "F, and ranges between any two of these values or
above any one of these values. The recycled hydroprocessing product may be supplied at a
temperature of about 600 "F, about 650 "F, about 70013, about 750 I', and ranges between any two of
these values or above any one of these values. The boiling point of the recycled hydroprocessing
product may be about 350 cf, about 400 "It, about: 450 "17, about 500 filfi, about 550 <T, about 600
"17, about 650 "F, about:                 7, about 750 "F, and ranges between any of these values or above
any one of these values. 100401Now, turning to the figures,hydroprocessmg sy.stem with two fixed
bed 



reactors, accordingembodimenttf the present technology, is illustrated in HG. 1. )proeessing syaxed
bed reactors, a first reactor 116 and a second reactor 126. A bio-oil is split into a first stream 112
directed to the I, and a second stream 122 directed to the second reactor 126. 100411TheUI first
stream I 1 2 is combined with a heated hydrocarbon diluent I I 0 to form a first reactor4. The
heatedhydrocarbon diluent I hydrocarbtm diluent 102 and i hydroaen-rtch gas 104. combined to make
a hydrogencmgaining gas 106 prior to heatinger 108 The volumetric ratio of hydrocarbon ithout 0.g
volumetric ratio is from about 1:1 to about: 10:1, about 1:1 to about :1bout 1to a  6:1; or about 1:1 to
about 5:1. In some embodunents, the volumetric ratio is from about 1:1 to about 3:1. 00421The104
contains70 mot 04, to 100 mul hydrogen. in sonic e.m.hodime.nts, the hydrogen-rich gas contains
about 75 rnol % to about 98 mol 94 hydrogen. The hydrocarbon diluent 102, the hydrogen-rich gas
104, the hydrogen-containing. gas 106, the heated hydrocarbon diluent 110, the bio-oil first stream
112, and the first reactor feed 114 are at pressures in the range of about 500 psig to about 4,000 pstg.
The heater 108 may be a single shell and tube heat exchanger, or combinations of exchangers in
series, in parallel, or both, with the heating source a utility stream (e.g. hot oil or high pressure steam)
or another process stream such as effluent from one of the fixed bed reactors. The heater 108 is
operated such that the heated hydrocarbon diluent 110 is in the range of about 400 "1-1 to about
100431The first reactor 116 and second reactor 126 are loaded with supported catalysts iicluding
those having a catalytic metal selected from Group V 1 Groups 8-10) and Group V 3 (111PAC Group
6) elements, alone or in com two or more thereof In sonic embodiments, the catalyst includes Co, Mo.
W. Nikki, NiW. CoMo or combina - more thereof In some embodiments, the catalyst selected from the
group consIoMo. combinations thereof Hydroprocessing catalyst supports are typically aluminum
oxide, or combinations of aluminum oxide with phosphorus oxide and silicon oxide. When a sulfided
catalyst such as NiMo or CoMo is used while the bio-oil or the hydrocarbon diluent have essentially no
organo-sul fur compounds therein, a sulfiding agent (compounds that thermally and/or catalytically
decomposes into HS and hydrocarbon. ipti onally introduced to the bio-oil orlent. 



10044ctors 116 and 126 may 1)ed with incrt and low activity high younple of a 30a grading scheme
(from top to bottomton-wheel high void inert media, a I 8 mm NiMo active rintis, a 12 to 18 inch layer of
4.8 mm NiMo active      and a 25 to 27 ft layer of conventicnal three-lobe or four-lobe NiMo or CoMo
catalyst in the 1.3 to 2.5 mm site range. The high void inert media and active rings are sold by Haldor
-lopsoe and Criterion under the names "IK-10, 1K 30 and SENTRY r "  OptiTrap series of products. In
some embodiments. ,or has a plurality of beds with opuench for limiting adiabatic temperature rise
from exothermic hydrogenation reactions In some embodiments, the graded bed comprises a catalys
includes Co, Mot Ni, Pt d, Ru. W. NIMO, NjW, CoMo, or comb more thereof In some embodiments, the
graded bed comprises a catalyst s the group consisting of NiMo. CoMo, and combinations thereof
100451ors I 16 and 126 are operated at pressures in tlic range of about 500 psig to about 4,000 pstg.
In some embodiments, reactors 1 16 and 126 are operated at pressures in the range of about 700 psig
to about 2,300 ping. The reactors are operated at temperatures in the range of about 400 "F to about
800 'F. The ratio of the hydrogen-rich gas 104 to the bio-oils 112 and 122 is from about 2,000 SCE/Bbl
to about 10,000 SCT/Bbl. The ratio of bio-oil I 12 volumetric How rate to volume of active catalyst is
from 0.2 to 10 hr'L and may be from 0.5 to 5 hr-1. 100461ydroprocessubstantially converted to a
hydrocarbon product which forms the liquid phaseproduct 118. The two- phase product 11 8 is
combined with the bio-oil second stream reactor feed 124. The volumetric ratio of the hydrocarbon
phase ofoduct the bio-oil second stream 122 is similar to the ratio of hydrocarbon diluent 102 to stream
112; that is, from about 0.5:1 to about 10:1 aboutabout: 



15:1 to about 6:I; or about 0.5:1 to about 5:1, from about I:1 to about about 1:1 to aboutabout 1:1 to
about 6:1; or about 1:1 to about 5:1. in some embodiments, the volumetric ratio is from about 1: I to
about 3:I. The second reactor I 26 operates under the same operating range as first reactor Ii 6. Due to
the additional liquid flow from introduction of the bio-oil secstream 122. second reactor 126 may be
larger than first reactor 116. 100471hvdroproces26 is substantially converted to a hydrocarbon product
which forms the liquid phase of a o-phase product 128. The two-phase product: 128 is separated into
th.e hdrocarhon. product and a gas fraction in a separation unit downstream (not shown). The gas,
mainly unreacted ft, is treated (e. g. through water wash/separation in a cold separator drum and/or
scrubber) to remove components such as water, carbon oxides, ammonia, and hydrogen sulfide,
formed during  HD, FIDN. and HDS reactions.The treated gas is then combined with makeup Hs (not
shown) to produce the hydrogcnrich gas 104 composition. In some embodiments, hydrogen-rich gas
104is not combined with recycle treat gas. 100481The. hydrocarbonMuct may be directed to product
fra.ction.auon downstream, to further hydroprocessing (e.g. hvdrocrackingiisomerizanonj, or both
provide the desired hydrocarbon biofuel products, such as renewable diesel, gasoline. Alternatively,
the hydrocarbon product may be partially recycled as the hydrocarbon diluem 102. en time of
hydroproccssng the pressureacross reactor I I 6 transitions from an essentially linear increase to an
exponential increase. The time for this transitiur may range from a mnit 2 days to about 1lay be after
about: 100 to about 1 0,000 reactor volumes of bio-oil has been processed. his can also be
determined by the rate of the pressure drop buildup. At this point, the flow of bio-oil 112 is discontinued
or substantially reduced while maintaining hydrocarbon diluent flow 102 and hydrogen flow 104 at
aforementioned conditions. When the bio-oil flow to the reactor 116 is substantially reduced, the
volumetric ratio of the hydrocarbon diluent 102 to the     n1112 may be greater than 10:1 and may be
greater than 15:1. The temperature of the heated hydrocarbon diluent 110 is maintained from about
400 I' to about 800 'F. hydrocarbon diluent flow rate is modified as necessary to ensure at least 1,000
lb/hr/ft2 mass flux through the reactor 116. At these hydrothermal treating conditions, the pressure
drop across reactor 116 decreases at a rate of from about 1 psi/hr in the beginning of the hydrothcnnal
treatingm to about 0.1 psi/hr later in the cycle, and achieving overall AP decrease from about 0% to
about 99%. Without wishing to be bound by any theory, it is believed that the surprising decrease in
pressure drop is due to dispersion of friable bio-based solid deposits within the fixed bed reactor
promoted by the turbulent flow 'hot hydrocarbon diluent and potential thermal decomposition of the
deposits there [00501Once thes stibstantially below 0.1 psi/11r dictated by other operating cons)-oil
112 to reactor 116 is re- established. At this point the flow of ).27 to reactor 126 may be stopped or 



substantially reduced, thus allowing the second reactor to undergo the hydrothermal  treating cycle.
Here the hydrocarbon diluent utilized in the hydrothertnal treatment is the hydrocarbon phase of the
two-phase product 118. When the bio-oil flow to reactor 126 substantially reduced, the ratio of the
hydrocarbon diluent in the two-phase product I I 8 to the bio-oil 122 is greater10: I, in son-le
embodiments, the ratio is greater than 15:1. The adiabatic temperature se due to the hydroprocessing
reactions' within reactor 116 ensures that the temperature of the two-phase product 118 is in the range
of about 400 IT to about 800Similarly, the flow rate of bio-oil 112 and the hydrocarbon diluent 120 are
such that mass flux through reactor 126 is greater than 1,000 lb/hr/ft2. After AR has decreased in the
second reactor 126, the flow of bio-oil second stream 122 to second reactor 126 is reestablished.
Cpl.]One of the attractive features of the above-described example is that bio-ot throughput and fuel
production are not substantially interrupted during the AR reducing operation. However, it will be
recognized by those of ordinary skill in the art that the operation that avoids reactor shutdown and
catalyst skimming or replacement will be of interest even if bio-oil flow is interrupted for a 24-72 hour
time period whenever reactor pressure drop starts to increase exponentially or approaches design
limits. Moreover, the benefits derived by the processes and above-described example can be realized
at any time during the reactor run, even when reachingmits of the reactor or exponential AP rise are
not imminent.    EXAMPLES 10Ienewabie diesel hyd.roprocc.ssing reactor system similar to. thi
described in the embodiment of Flu. I was operated with a bio-oil feedstock comprising mainly of
inedible tallow and yellow grease. The reactor system's two reactors each included a top bed and a
bottom bed with inter-bed as quench.-arbon di luent fhr the reactor system was the recvcled
hydrocarbon product fraction 10054 jA fler abots of bio-- vas process   



across the top bed of the first reactor decreased as shown by curve I of FIG. 2. The overall pressure
drop decrease was from an initial ziP if 46 psi to a final "iii) of 26 psi to 43% reduction in the pressure
drop. 100551Later in the run, the bio-oil feed to the second reactor was stopped in order to
hydrotherinally treat the second reactor and reduce the pressure drop across its top bed. The second
reactor inlet temperature was about 670 '1', with a total hydrocarbon liquid mass flux 42,600 lb/hr/did.
The pressure drop across the top bed of the second reactor decreased as shown by curve 2 of FIG. 2.
The overall pressure drop decrease was from an initial dIP of 32 psi to a final AP of 19 psi to provide
4Ti reduc a in the pressure drop. 6While certain embodiments have been illustrated and described,, itd
be understood that changes and modifications can he made therein in accordance with ordinary skill in
the art without departin.g from the technology in its broader aspects as defined in the following claims.
[00571The embod.m nsi Ea Thd in the absenceany element or elements, limita disclosed herein.
Thus, for example. the termspr siniz:I etc. shall be read expansively and without limitation Additionally
expressions employed herein have been used as terms of description and not and there is no intention
in the use of such terms and expressions of excluding any equivalents of the features shown and
described or portions thereof, but it is recognized that various modifications are possible within the
scope of the claimed technology. Additionally, the phrase consisting sentially of will be understood to
include those elements specifically recited and those add-news that do not materially affect the basic
and novel characteristics of the claimed techtphrase "consisting of" excludes any element not
specified.  nt disclosure is nothe limited in terms of the oartieular in this application.Many modifications
and variations can he  



made without departing from its spirit and scope, as will be apparent to those skilled in the art.
Functionally equivalent methods and compositions within the scope of the disclosure, in addition to
those enumerated herein will be apparent to those skilled in the art from the foregoing descriptions.
Such modifications and variations are intended to fall within the scope of the appended claims. The
present disclosure is to be limited only by the terms of the appended claims, along with the full scope
of equivalents to which such claims are entitled. It is to be understood that this disclosure is not limited
to particular methods, reagents, compounds compositions or biological systems, which can of course
vary. It is also to be understood that the terminology used herein is for the purpose of describing
particular embodiments only, and is not intended to be limiting. [0059I]In addition. wheres or aspects of
the disclosure are described in tenns of Markush groups those skilled in the art will recognize that the
disclosure is also thereby described in terms of iy individual member or subgroup of members of the
Markush group. I00601As willbe understood by one skilled in the art, for any and all purposes
particularly in tenns of providing a written description, all ranges disclosed herein als encompass any
and all possible subranges and combinations of subranges thereof Any listed range can be easily
recognized as sufficiently describing and enabling the same range being broken down into at least
equal halves, thirds, quarters. fifths, tenths, etc. As a non-limiting example, each range discussed
herein can be readily broken down into a lower third middle third and upper third, etc. As will also be
understood by one skilled  the art all language such as "up to," "a'greater than," "less than," and the
like, include the number recited and refer to ranges which can be subsequently broken down into
subranis discussed above. Finally, as will be understood by one skilled in the art, a range includes
each individual member. I 00bI 1All publications, patent applications, issued patents, and other
documents referred to in this specification are herein incorporated by reference as if each individual
publication. palent application, issued patent, or other document was specifically and individually
indicated to be incorporated by reference in its entirety. Definitions that are contained in text
incorporated by reference are excluded to the extent that they contradict. definitions in this disclosure.
[00671Other embodimentseh in the following claims.  IS CLAIMED IS: A rnc.thoct comprising reducing
a pressure drop across a hydroprocessing rea.ctor havi.ng a reactor feed an.d prod.ucmg a.
hydroprocessing product, wherein: the reach.r feed compr1s a bio-oil feed and a hydrocarbon diluent,
a.nd reducing the pressure drop comprises stopping or substantially reducing the bio-oil feed supplied 



to the hyclroprocessing reactor; and supplying the hydrocarbon diluent to the reactor t a mass flux of at
least about 1,000 lb/hrid method of claim I. whc cmn thes flux is from about 1,000 lb/hr/ft to about
10,000 lb/hrift2, 3, ilhe method of clamnein the mass flux is at least about2,000 lbhr/ 4. 'lihc method of
claim I, wherein the hydrocarbon diluent comprises the hydroprocessing product of the
hydroprocessing reactor. 5. The method of elm r I. wherein the bio I feed pplied to the hydroprocessmg
reactor is substantially reduced. 6. The rnethot.l of claim I, wherein the reduction of the pressure drop
is 100 to 10,0volumes of bio-oil have been processed. 7method of claim 1, wherein the reduction of
the pressure drop is perfbi the rate of pressure drop increase is about 0.1 psi/hr. lethotrhea, the 'duetf
the pressureed per ocl ica 1 Q. The method ofwhet.ein tht periodic reduct performed after about 2
days to about 1 2 months since e hydroprocessing or the last redttction ot pressure drop.  The method
of claim I, wherein substantially  reducing the bio-oil feed comprises supplying the hydrocarbon diluent
to the hydroprocessing reactor at a volumetric ratio of at least I (TI of hydrocarbon diluent to bio-oil.
The method of claim I, wheg the bio-c 



supplying the hydrocarbon diluentaydroprocessing reactor at a vo ratio of at least 15:1
hydrocarbonbio-oil. 12. The method of claierehydrocarbon diluent is supplied at temperature of about
400 U} to aboti The method of clai ni 1, wherein the hydrocarhon diluent has a boil-it rang of about 300
`IF to about 65011F. 14. The method of claim I, wherein the step of reducing the pressure drop does
not interrupt production of the hydroprocessing product. The method of claim 1 wherein the bio-oil
comprises a lipid a carboxylic acid, a plant oil, animal fat, algal oil, distillate from the fermentation of
sugars. or a liquid fraction derived from the fast pyrolysis of biomass. e method ofherein the planor
N.mmn sulfur, or phuspliortisto about 30,000 wpm. I 7 The method of claim 1, wherein the hiooi I
comprisesfraction from 1 pyrolysis of biomass.  18. Thehof ground switch gra 19. Theolclami 20 The
method of claim porosity media.  7herein the lip 



i:ttions thereof    ompnses a catalyst comprisim  77. The method of claim 1 wherein the reactor feed
further comprises hydrogen gas.    me.thod c.omprtsing reducing a pre.ssure drop across a.
hydroproc.essing re. 'to having a reactor iced, wherein: the hydroprocessing reactor produces a
hydroproceproduct: the reactor feed is at a temperature from about 550to about 750 "F and is
produced by at least combining bio-oil feed at a temperature of bout 100 CI: to about 350 a recycled
hydroprocessing product of the hydroprocessing reactor at a temperature of about 550 LT to about 00
reducing the pressure drop comprises substantially reducing the b oil feed supplied to the reactor; and 



supplying the recycled hydroproeessing product reactor to generate a mass flux of at least about 2 Of
Iblhr.112, reducing, the pressure drop is performed after the theoreticaln drops below 26 %. 


